Background: Spontaneous rupture is rare complication of hepatocellular carcinoma (HCC) with high mortality rate in cirrhotic cases. The aim of this study was to determine the factors influencing prognosis in cases of spontaneously ruptured HCC and to investigate the outcomes of the treatments employed, especially transcatheter arterial embolization (TAE).
Conclusion:
Despite the inherent limitations of this retrospective study, TAE appears to be a useful treatment strategy for cirrhotic patients with spontaneous HCC rupture, as it yielded a longer survival period compared with conservative treatment in patients with ruptured HCC. Among the patients with ruptured HCC in whom initial TAE was successfully performed, the maximum tumor size was an important factor influencing survival.
Background
Hepatocellular carcinoma (HCC) is one of the most common neoplasms encountered, and its incidence is increasing worldwide because of the increasing prevalence of hepatitis C virus infections [1] [2] [3] [4] [5] . One of the life-threatening complications of HCC is the spontaneous rupture of the tumor, with intra-peritoneal hemorrhage. Spontaneous rupture of HCC occurs in 3 to 15% of all patients with HCC, and high mortality rates in the range of 32 to 100% have been reported [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The following treatments have been employed for the treatment of ruptured HCC: emergent hepatic resection, placation or packing, hepatic artery ligation, and transcatheter arterial embolization (TAE) [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, patients with advanced HCC tend to have poor hepatic function as a result of chronic hepatitis or liver cirrhosis. Therefore, a better understanding of the disease, wider recognition of this potential complication, improved methods of assessing liver function preoperatively, and less invasive methods of hemostasis may contribute to improved survival in cases of ruptured HCC.
The aim of this study was to determine the factors associated with prognosis in cases of spontaneously ruptured HCC and to investigate the outcomes of treatment, especially transcatheter arterial embolization (TAE).
Methods
From January 1995 to May 2008, a total of 48 cirrhotic patients with spontaneously ruptured HCC were admitted to the Yokohama City University Hospital (33 patients), the Hiratsuka City Hospital (10 patients), and the Machida Municipal Hospital (5 patients).
The diagnosis of HCC was made based on the identification of a space-occupying lesion(s) in the liver using computed tomography (CT) or ultrasonography (US). The presence of hemoperitoneum in the patients was diagnosed by the demonstration of bloody fluid in the peritoneum by an abdominal puncture. Spontaneous rupture was the initial symptom of HCC in 4 patients, while in the remaining 44 patients, the spontaneous rupture of HCC was diagnosed during the follow-up period for liver cirrhosis (LC) or HCC.
The past medical history, vital signs, blood counts, blood chemistry, coagulation test results, levels of tumor markers, progression profile of HCC (number of tumors, maximum tumor size, presence of portal vein tumor thrombosis and presence of extra-hepatic metastasis), treatments employed, and survival rates were recorded. Shock at the time of admission was defined as a systolic blood pressure of < 80 mmHg and pulse rate of > 100 b.p.m. The LC status was evaluated using the Child-Pugh criteria using a combination of clinical (presence of hepatic encephalopathy, ascites) and laboratory data (serum bilirubin levels, prothrombin time (PT) and serum albumin levels). Staging of the HCC was performed according to the TNM staging system proposed by the Liver Cancer Study Group of Japan [19] : stage I (fulfillment of three intra-hepatic conditions: solitary, no more than 2 cm, no vessel invasion), stage II (fulfillment of two out of three intra-hepatic conditions), stage III (fulfillment of one of three intra-hepatic conditions), stage IVA (fulfillment of none of the three intra-hepatic conditions with no distant metastases, or any intra-hepatic condition with lymph node metastases), and stage IVB (any intrahepatic condition with distant metastases). Patients were not included if they fulfilled one or more of the following criteria: presence of poorly controlled hepatic encephalopathy; presence of poorly controlled ascites; presence of jaundice (or a serum total bilirubin level higher than 5.0 mg/dL); or a poor performance status. An attempt was made to obtain informed consent for performing emergent TAE from all the patients, and the decision to perform TAE was made according to each patient's wishes. Emergent TAE was performed for hemostasis or the prevention of re-bleeding in 16 patients who provided their informed consent (TAE group, n = 16), while conservative treatment was employed in the remaining 32 patients (ConT group, n = 32). The patient characteristics in each group are shown in Table 1 . This study was approved by the Ethics Committee of Yokohama City University School of Medicine.
Statistical analysis
The statistical analysis was conducted using StatView version 5.0 software (SAS, Cary, NC). Group comparisons were performed using the chi-square test for independence or the Fisher exact test for comparisons of the two groups. The overall survival rate in each group was determined using the Kaplan-Meier method and a log-rank test, whit the survival period defined as the length of time from the onset of the spontaneous rupture of the HCC until the death of the patient. A multivariate analysis was 
Results
The initial symptoms of spontaneous rupture of HCC were the sudden onset of abdominal pain (28 patients, 58%), shock at admission (22 patients, 46%), and abdominal distension (20 patients, 42% The HCC was located on the liver surface in all the patients. Most of the patients had advanced HCC, and 42 patients had multiple HCCs (88%); among these patients, 25 patients had a maximum tumor size of > 7 cm (52%), and 24 patients had portal vein tumor thrombosis (50%) ( Table 1) . Univariate analyses identified shock at admission (p = 0.0205), the presence of hepatic encephalopathy (p = 0.0431), a high Child-Pugh score (p = 0.0074), a high serum bilirubin level (p = 0.0052), a high serum aspartate transferase (AST) level (p = 0.0142), a low serum albumin level (p = 0.0008), and non-suitability for TAE (p < 0.0001) as determinants of a poor 21-day (50% survival time of all the patients) survival (Table 2) . A multivariate analysis using the Cox hazard regression model (including all the patients; n = 48) identified TAE as the only independent factor determining a relatively long survival period (p < 0.0001) ( Table 3) .
TAE was performed in 16 patients. The extravasation of the blood from the ruptured HCC was revealed by digital subtraction angiography (DSA) in 9 patients (56% (Figure 1 ).
In a further analysis of the patients in whom the initial TAE was successfully performed (n = 15), a univariate analysis identified a maximum tumor size exceeding 7 cm (p = 0.0052) as a significant determinant of a poor 140-day (median survival time of this group) survival, while the presence of portal vein tumor thrombosis (p = 0.0572) exhibited a tendency toward being a determinant factor (Table 4) . A multivariate analysis identified only a maximum tumor size exceeding 7 cm (p = 0.0135) as an inverse independent factor determining relatively longterm survival (Table 5) .
Among the patients in whom initial TAE was successfully performed, the MST among the patients in whom the maximum tumor size was ≤ 7 cm (n = 6) was significantly better than that among the patients in whom the maxiCumulative survival rates in the ConT (conservative treatment) group and in the TAE (transcatheter arterial embolization) group Figure 1 Cumulative survival rates in the ConT (conservative treatment) group and in the TAE (transcatheter arterial embolization) group. , p = 0.0080). Furthermore, the cumulative survival rate among the patients in whom the maximum tumor size was ≤ 7 cm was significantly better than that among the patients in whom the maximum tumor size was > 7 cm (100%, 83.3%, 83.3% and 50.0% vs. 77.8%, 44.4%, 0% and 0% at 1 month, 3 months, 6 months and 12 months, respectively; p = 0.0030) (Figure 2 ).
All the patients in the ConT group died within 35 days of hospitalization during the first hospital admission. In the ConT group, the main cause of death was re-rupture or rebleeding of HCC (23 patients; 72%). On the other hand, in the TAE group, 9 patients (60%) were discharged from the hospital. Fifteen patients in the TAE group died during the follow-up period of this study. The main cause of death in the TAE group was hepatic failure (10 patients, 67%). Only two patients (13%) died of re-rupture or rebleeding of HCC (Table 6 ).
Discussion
Spontaneous rupture of HCC is a fatal complication of advanced HCC. While previous studies have shown a very poor prognosis, with a 30-day mortality rate in the range of 30 -70% [10] [11] [12] [13] [14] [15] 20, 21] , recent reports have indicated a significant decrease in the mortality rate. In our study,
we observed an overall 30-day mortality rate of 67%, while the mortality rate was only 6.7% (one patient) among the patients in whom initial TAE treatment was successful (15 patients).
Univariate analyses identified various factors, including the presence of hepatic encephalopathy, a high ChildPugh score, a high serum bilirubin level, a high serum AST level, and a low serum albumin level (all of which are associated with poor liver function) as significantly influencing the short-term death rate (within 3 weeks) among the cases with ruptured HCC. In contrast, factors associated with the progression of HCC, such as the number of tumors, the maximum tumor size, and portal vein tumor thrombosis, were not revealed by univariate analyses to be significant factors influencing the short-term death rate in patients with ruptured HCC. A multivariate analysis including all the patients (n = 48) identified the performance of TAE as the only independent factor influencing survival. Regardless of the status of HCC progression, rerupture or re-bleeding of HCC as well as short-term death could be prevented among patients in whom initial TAE was successfully performed. These results suggest that TAE is a useful treatment strategy for the spontaneous rupture of HCC and that factors reflecting the background liver function are important factors influencing short-term mortality.
Hepatic resection is one of the best treatment options for ruptured HCC, but it is technically difficult to perform in cirrhotic liver and its success depends on the severity of the cirrhosis. One group reported that only 12.5% of patients with ruptured HCC could be managed with hepatic resection, while another group reported a percentage of 59.3%. A similar situation was noted in relation to TAE treatment. Some groups reported the presence of shock at admission as an important factor influencing the survival time [14, 16, [20] [21] [22] . Shock in patients with the spontaneous rupture of HCC is caused by hypovolemia resulting from hemorrhage. In addition, patients with LC or liver failure have underlying coagulopathy. Therefore, emergent TAE is difficult to perform in patients with shock. In our study, a univariate analysis in the ConT group also identified shock at admission as an independent factor influencing the short-term death rate. Another group also reported that a serum total bilirubin level of higher than 2.92 mg/dL (50 μmol/L) was a critical predicCumulative survival rates in patients according to maximum tumor size Figure 2 Cumulative survival rates in patients according to maximum tumor size. Abbreviations: TAE, transcatheter arterial embolization: HCC, hepatocellular carcinoma. tor of survival. In a series of patients treated with TAE and reported by Ngan et al. [23] , none of the patients with a serum total bilirubin level higher than 2.92 mg/dL (50 μmol/L) survived longer than 9 weeks (median survival, 1 week), while patients with a serum total bilirubin level of 2.92 mg/dL (50 μmol/L) or lower survived for 15 weeks, on average. In a series of patients treated with TAE and reported by Leung et al. [24] , the mean survival of the patients with a serum total bilirubin level higher than 2.92 mg/dL (50 μmol/L) was only 34 days, while that of patients with a serum total bilirubin level lower than 2.92 mg/dL (50 μmol/L) was 165 days. In our study, which yielded similar results, the mean serum bilirubin level of the patients who died within 3 weeks was significantly higher than that of the patients who survived for more than 1 month (2.20 mg/dL vs. 1.51 mg/dL, p = 0.0052).
Patients with severe ruptures of HCC and poor liver function have an extremely guarded prognosis and cannot tolerate surgical hepatic resection. Therefore, in this study, TAE was aggressively pursued for the treatment of patients with ruptured HCC, and the results of a multivariate analysis revealed that the performance of TAE alone was a significant independent factor influencing the overall longterm survival. The MST in the TAE group was significantly longer than that in the ConT group. All the patients in the ConT group died within 35 days as a result of re-rupture, re-bleeding or hepatic failure. In contrast, the success rate of TAE was relatively high in our study.
Lau et al. [25] reported that the mean survival period of patients with ruptured HCC who had been treated with TAE was 218.3 days for Child-Pugh A patients, 83.4 days for Child-Pugh B patients, and 11.0 days for Child-Pugh C patients. However, in their study, the status of HCC progression was not described in detail. We consider that the growth of HCC plays an important role in the events leading up to rupture. In our study, a multivariate analysis revealed the size of the tumor to be the only independent factor influencing long-term survival among patients in whom initial TAE was successfully performed, and both the survival rate and the MST, as assessed using the Kaplan-Meier method, among the patients in whom the maximum tumor size was ≤ 7 cm were significantly better than those among the patients in whom the maximum tumor size was > 7 cm. Regarding the mechanism of rupture, Zhu et al. [26] reported that rupture might be initiated by the invasion and occlusion of the hepatic veins by tumor cells, resulting in an increase in pressure within the tumor. Such venous congestion would lead to central tumor necrosis and trauma, and coagulopathy would lead to hemorrhage within the tumor. These mechanisms would further increase the pressure in the HCC tumor, resulting in the splitting of the overlying liver parenchyma and the rupture of the HCC into the liver surface. The results obtained in our study were consistent with this hypothesis proposed by Zhu et al. In all the patients in our study, the ruptured HCCs were located on the surface of the liver. We speculated that the risk of hepatic vein invasion increases with increasing HCC tumor size. Therefore, the risk of rupture also increases with increasing tumor size for tumors located on the surface of the liver. Furthermore, TAE remains unsatisfactory in patients with large tumors, and further improvements in the prognosis of patients with large tumors on the surface of their livers may be difficult to obtain using TAE.
Conclusion
Spontaneous rupture is a serious complication of HCC, and the 30-day survival in the absence of any treatment is extremely low. The early mortality rate among patients with ruptured HCC depends on the immediate treatment provided. TAE is often feasible and is the treatment of choice for ruptured HCC. Despite the limitations of this retrospective study, we preferentially utilized TAE to stop bleeding in the management of ruptured HCC. Among cases where initial TAE is successfully performed, the size of the tumor is a very important factor influencing the survival of cirrhotic patients with ruptured HCC.
